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Observational studies and randomized controlled trials of menopausal hormone therapy (HT) and chronic disease
risk appear to have divergent results for cardiovascular disease. However, differences may be related to a modifying
effect of age, time since menopause, and HT formulation. In the Nurses’ Health Study (NHS) (enrolling during
1980-1994 and following participants until 2002), we investigated associations between the use of oral conjugated
equine estrogens (CEE) (0.625 mg/day) plus medroxyprogesterone acetate (MPA) (<10 mg/day) or oral CEE alone
and cardiovascular disease, cancer, all-cause mortality, and other major endpoints among postmenopausal women,
aged 50-79 years at HT initiation. Among women aged 50-59 years at HT initiation, associations of CEE alone or
CEE+MPA with most clinical outcomes were highly concordant between NHS and Women’s Health Initiative (WHI).
However, for myocardial infarction, results for CEE+MPA were in the direction of risk elevation in WHI and in the
direction of risk reduction in NHS. When examined according to years since menopause onset (<10 years) rather
than age group, results were nonsignificant and concordant for both studies. Because few women in the NHS initiated
HT after age 60 years, we did not examine associations in this group. Discrepancies between NHS and WHI could
largely be attributed to differences in the age structure of the populations and age at HT initiation.

cardiovascular disease; chronic disease; epidemiologic methods; hormone therapy; Nurses’ Health Study;

randomized controlled trials; Women’s Health Initiative

Abbreviations: CEE, conjugated equine estrogens; CHD, coronary heart disease; Cl, confidence interval; HR, hazard ratio; HT,
hormone therapy; MI, myocardial infarction; MPA, medroxyprogesterone acetate; NHS, Nurses’ Health Study; WHI, Women’s

Health Initiative.

Findings from observational studies have suggested that
menopausal hormone therapy (HT) use is associated with a
lower risk of coronary heart disease (CHD), hip fracture, and
all-cause mortality but with a higher risk of breast cancer,
stroke, and pulmonary embolism (1-6). Randomized clinical
trials of postmenopausal HT have reported similar results for
many outcomes, but for CHD and all-cause mortality the find-
ings appeared to be discrepant. For example, in the Women’s
Health Initiative (WHI) HT trials, neither oral conjugated
equine estrogens (CEE) alone nor CEE combined with medrox-
yprogesterone acetate (MPA) was associated with reduced risk
of CHD or all-cause mortality (7, 8).

Although observational studies are susceptible to confound-
ing and other biases (9, 10), the discrepancy in findings may be
rooted in biology and fundamental differences in study popula-
tions (9, 11-13). Two of the most important factors modifying
the effects of HT on chronic disease risk are age and time since
menopause at HT initiation (14). A large majority of women in
randomized trials of HT were older and more distant from the
onset of menopause than their counterparts in observational
studies, which better reflect actual HT use patterns. In both the
CEE and CEE+MPA trials of the WHI, the average age at ran-
domization was 63 years. In the Nurses’ Health Study (NHS),
women were 30-55 years of age at enrollment, and nearly 80%
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of HT users began use within 2 years of menopause onset,
which occurred on average at age 50 years. The most recent
WHI report found a significant trend of increasing risk of myo-
cardial infarction (MI) (P-trend = 0.01) with increasing time
since onset of menopause among women randomized to CEE+
MPA compared with placebo. Likewise, in the CEE trial, there
were age-related trends for colorectal cancer (P-trend = 0.02)
and all-cause mortality (P-trend = 0.04), with more favorable
results in younger women than in older women (15). Given the
considerable differences in study populations in the NHS and
WHI, the goals of the current study were to compare results of
HT for major health outcomes in the NHS and WHI among
women in comparable age groups at HT initiation and among
women using similar formulations of HT.

METHODS
The Nurses’ Health Study cohort

The NHS began in 1976 as a long-term prospective investi-
gation of risk factors for chronic disease among 121,701 female
registered nurses, aged 30-55 years, from 11 US states. Every 2
years, participants returned a mailed, validated questionnaire
that included detailed information on health status; lifestyle,
behavioral, and reproductive factors; menopausal status; exog-
enous hormone use, including postmenopausal hormone ther-
apy; other medications; and a wide range of other exposures
and outcomes (16—18). Follow-up data were available for over
90% of the cohort.

Exposure measures

On each biennial questionnaire, women were asked about
postmenopausal HT, including current use (within the last
month), duration of use, type of hormones taken, route of
delivery (oral, transdermal, vaginal), and dose.

Outcome measures

To facilitate comparisons with the WHI HT trials (15), we
considered the following major incident health outcomes:
cardiovascular disease (total MI, stroke, pulmonary embo-
lism, and cardiovascular deaths), cancer (total invasive can-
cer, invasive breast cancer, colorectal cancer, cancer deaths),
type 2 diabetes mellitus, hip fracture, and all-cause mortality.
Nurses (or next of kin for deceased participants) who reported
these outcomes were asked for permission to have medical re-
cords reviewed by NHS investigators, who were blinded to the
participant’s risk-factor status.

Nonfatal MIs were confirmed using the World Health Orga-
nization criteria of typical symptoms plus either elevated
enzymes or diagnostic ECG changes (19, 20). Infarctions that
required hospital admission and were confirmed by interview
or letter, but for which medical records were unobtainable,
were included in the analysis as “probable.” Deaths were con-
sidered to be due to MI if the autopsy report showed evidence
of fresh infarction or thrombus or if the medical records indi-
cated EKG and/or enzyme changes characteristic of MI prior
to death. Sudden cardiac deaths without evidence of MI were
not included in our analyses.
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Stroke was classified according to the National Survey of
Stroke criteria (21) which require evidence of a neurological
deficit with sudden or rapid onset that persisted for more than
24 hours or until death. We excluded silent strokes, subdural
hematomas, and strokes due to infection or malignancy. Inci-
dent cases of pulmonary embolism were confirmed by medi-
cal records if a ventilation/perfusion lung scan was read by a
radiologist as high probability for pulmonary embolism or if
there was a filling defect on contrast-enhanced computed tomog-
raphy of the pulmonary vasculature or a catheter-based pulmo-
nary angiogram. Both “nonidiopathic” cases (associated with
a history of surgery, major trauma, or malignancy) and “idi-
opathic” cases (without these predisposing risk factors) were
included in our analyses.

For cancer outcomes, we considered all pathologically con-
firmed and probable cases of invasive cancer (except nonmelano-
ma skin cancer). For breast cancer, we included only confirmed
cases with evidence of invasion on the pathology report. Cases of
carcinoma in situ were not included in the analyses. Colorectal
cancer and subsites were defined according to the International
Classification of Diseases, Ninth Revision (22).

Women who reported a diagnosis of type 2 diabetes on the
biennial main questionnaire were mailed a supplementary ques-
tionnaire regarding symptoms, diagnostic tests, and hypoglyce-
mic therapy. Cases of type 2 diabetes were confirmed in
accordance with the National Diabetes Data Group criteria (23).
For cases identified after 1998, we applied the American Diabe-
tes Association criteria (24). The present analysis includes only
the cases confirmed by the supplementary questionnaire. The
validity of the supplementary questionnaire has been estab-
lished through medical record reviews, and diagnosis of type 2
diabetes was confirmed in more than 97% of the cases (25).

Information on hip fractures, with the date of occurrence
and a description of the circumstances, was obtained from the
biennial questionnaire. We excluded cases of fractures due to
malignancy or major traumatic events (such as motor vehicle
accidents or skiing).

Deaths were identified by notifications from next of kin, the
US postal system, searches of the National Death Index, tumor
registries, and death certificates obtained from state vital statis-
tics departments. Deaths were classified according to the Inter-
national Classification of Diseases, Eighth Revision (ICD-8), as
cardiovascular deaths (ICD-8 codes 390-458) or cancer deaths
(ICD-8 codes 140-207). Follow-up for deaths was >98% com-
plete (26, 27). Our confirmation process for fatal and nonfatal
events was similar to that used in WHI (7, 8).

Population for analysis

Women were included in the analyses as they became post-
menopausal and reached the age of 50 years, the lower age limit
for entry into the WHI HT trials. Women were classified as
postmenopausal from the time of natural menopause or hyster-
ectomy with bilateral oophorectomy. Women who underwent
hysterectomy without bilateral oophorectomy were considered
postmenopausal when they reached the age at which 90% of the
NHS cohort went through menopause (54 years for smokers
and 56 years for nonsmokers). A nurses’ report of age at meno-
pause (28) and type of menopause (29) were found to be highly
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accurate in this cohort. Premenopausal women were not included
in the analysis.

In order to simulate the entry criteria of the WHI HT trials,
we excluded women with a diagnosis of cancer (except non-
melanoma skin cancer) at baseline (1980). For all outcomes
(except cardiovascular outcomes), we included women with
a history of cardiovascular disease. Women who initiated HT
use prior to age 50 years and after age 79 years at time of entry
into analysis were excluded. We also excluded premeno-
pausal women and women with uncertain postmenopausal
status (current smokers less than age 53 years or nonsmokers
less than age 56 years). We distinguished smokers from non-
smokers because smoking causes earlier natural menopause.
To further mimic the WHI, analyses were limited to users of
0.625 mg/day oral CEE alone or 0.625 mg/day oral CEE plus
<10 mg/day of MPA (CEE+MPA). As was done in the WHI,
we included only women who had had a hysterectomy in the
analyses of CEE alone. Analyses of CEE+MPA users were
restricted to women with an intact uterus.

Statistical analysis

The WHI HT trials categorized results by age at randomi-
zation (50-59 years, 60-69 years, and 70-79 years) and time
since menopause (less than 10 years, 10 years to less than 20
years, 20 or more years). We included women in the analyses
as they reached age 50 years, on a rolling basis, from 1980 to
1994. Person-time was calculated from the time they entered
the analysis at age 50 years to the first diagnosis of an out-
come, loss to follow-up, death, or 2002, when the WHI HT
trials were stopped, whichever came first.

For all outcomes (except mortality endpoints), we used
time-varying updates of HT use, and for each 2-year cycle
women contributed person-time to the relevant HT category
(never user (referent), current CEE user, current CEE+MPA
user, missing). For mortality endpoints, to reduce the ability of
a potentially lethal health condition to affect HT use (reverse
causation due to prior disease diagnosis), we used baseline HT
as our primary exposure. We used Cox proportional hazards
regression models to estimate age- and multivariable-adjusted
hazard ratios for the association between HT use and health
outcomes. The regression models included age in years as the
time scale, stratified by calendar time in 2-year intervals, and
they allowed for possible interaction between calendar time
and age in the baseline hazards to be accounted for nonparame-
trically. In multivariable analysis, we further adjusted for age at
menopause, body mass index, smoking status, physical activ-
ity, alcohol intake, use of aspirin for at least 1 day per month,
history of hypertension, history of high cholesterol, history of
diabetes, parental history of MI before age 60, parental history
of cancer, and duration of CEE and CEE+MPA use. Models
with invasive breast cancer as an outcome additionally
adjusted for height, parity, age at first birth, body mass index at
age 18, and history of benign breast disease. We also adjusted
for mammogram screening in the previous cycle, because
those who had this imaging were more likely to be diagnosed
with invasive breast cancer (30). Information on most covari-
ates was updated biennially, including age, body mass index,
smoking status, physical activity, alcohol intake, aspirin use,
history of hypertension, history of high cholesterol, history of

diabetes, duration of CEE or CEE+MPA use, parity, and mam-
mogram in previous cycle.

The WHI HT trials evaluated the potential influence of age
at HT initiation (50-59 years, 60-69 years, 70-79 years) and
time since menopause (less than 10 years, 10 years to less than
20 years, 20 or more years) on the relationship between HT
use and health outcomes (15). Because more than 85% of
NHS HT users were of ages 50-59 years at HT initiation,
and due to the uncertainty about timing of menopause onset
in many women with hysterectomy, our primary analyses
examined associations between HT use and chronic disease
endpoints in this age group. In supplementary analyses, we
additionally examined the potential modifying effect of time
since onset of menopause (<10 years). We did not have sta-
tistical power to examine outcomes in NHS among women
who were 60-69 years or 70-79 years at HT initiation or among
women who were >10 years post menopause. We used figures
to visually compare hazard ratios for the various clinical end-
points from our study with those in the intervention phase of the
WHI (15) among women using the same HT formulation and
in comparable age groups. To examine the consistency of
results from the NHS and the WHI, we computed a P value
derived from the Q test for heterogeneity proposed by DerSi-
monian and Laird (31). All statistical tests were 2-sided and
performed using SAS, version 9.3, for UNIX (SAS Institute,
Inc., Cary, North Carolina).

RESULTS
Characteristics of participants at entry into analysis

At the time of entry into analysis, current users of HT were, in
general, more likely to have a more favorable risk profile than
were women who had never used hormones (Table 1). Com-
pared with never users, HT users were less likely to be current
smokers, were more physically active, and had a lower body
mass index. However, they were more likely to have a history of
elevated cholesterol and benign breast disease.

Risk for major cardiovascular outcomes

In both primary analyses restricted to women 50-59 years
of age and in the overall cohort (ages 50-79 years), results for
HT use (CEE alone or with MPA) were congruent between
NHS and WHI for all cardiovascular outcomes except total MI
(Table 2, Figures 1 and 2). Among current users of oral CEE
alone or with MPA, compared with women who never used
hormones, we documented a pattern of higher risk for total
stroke and pulmonary embolism, and we found neutral results
for cardiovascular deaths, similar to the WHI findings. In the
age group 50-79 years, use of CEE alone was associated with
a lower risk of total MI in the NHS (hazard ratio (HR) = 0.73,
95% confidence interval (CI): 0.57, 0.95), but results were
neutral in the WHI (HR = 0.97,95% CI: 0.79, 1.21) (Table 2).
Current use of CEE+MPA was inversely associated with total
MI in the NHS (HR = 0.86, 95% CI: 0.66, 1.13) and posi-
tively associated in the WHI (HR = 1.24, 95% CI: 0.98, 1.56)
(Table 2). These discrepancies could largely be attributed to
differences in age at HT initiation and time since onset of men-
opause. When results were stratified by time since menopause
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Table1. Characteristics of Nurses’ Health Study Participants at Time of Entry Into Analysis, United States,
1980-19942
Never® CEE® Never? CEE+MPA®
Characteristic (n =6,136) (n=3,911) (n = 34,622) (n=3,716)
Mean(SD) % Mean(SD) % Mean(SD) % Mean(SD) %
Age at entry into analysis, years 55.2(2.4) 55.5(2.4) 53.6 (2.6) 53.4 (2.6)
White 96 97 97 98
Smoking
Never 46.1 49.3 42.4 42.9
Past 28.9 33.3 30.6 425
Current 251 17.3 27.1 14.6
Age at menopause, years 49.7 (4.4) 49.6 (3.9) 50.6 (3.3) 51.6(2.7)
Time since menopause onset, years 7(4.1) 5.9(4.5) 3.2(3.1) 2.1(2.0)
Parity, no. 3(1.9) 3.0(1.7) 3.1(1.8) 2.8(1.4)
Physical activity, MET-hours/week  14.4 (21.5) 16.2(20.0) 14.8 (21.0) 18.9 (23.4)
Height, inches' 64.3(3.2) 64.4 (3.5) 64.4(3.3) 64.6 (2.4)
Body mass index® 26.5(5.2) 25.1(4.4) 25.8(5.1) 25.0(4.4)
History of high blood pressure 32 32 25 23
History of hypercholesterolemia 19 24 15 34
History of type 2 diabetes mellitus 7 4 4 2
History of benign breast disease 31 38 29 50
Parental history of early MI 20 20 18 19
Parental history of cancer 14 12 13 10
Aspirin use” 48 53 47 51

Abbreviations: CEE, conjugated equine estrogens; MET, metabolic equivalents of task; MI, myocardial infarction;

MPA, medroxyprogesterone acetate; SD, standard deviation.

&Women were enrolled as they became postmenopausal and were between the ages 5079 years.
b Women who underwent a hysterectomy and never used hormone therapy.

¢ CEE use (0.625 mg/day) among women who underwent a hysterectomy.

9 Women with an intact uterus who never used hormone therapy.

¢ CEE (0.625 mg/day) plus MPA (<10 mg/day) use among women with an intact uterus.

fTo convertinches to centimeters, multiply by 2.54.

9 Body mass index was calculated as weight (kg)/height (m)?.

" Defined as use of aspirin at least 1 day/month.

(<10 years) rather than by age group (50-59 years)—because
time since menopause onset can be a better marker of athero-
sclerotic risk—hazard ratios were neutral and concordant in
both studies (NHS, HR = 0.89, 95% CI: 0.68, 1.18; WHI, HR =
0.91, 95% CI: 0.54, 1.52; P-heterogeneity = 0.94) (Table 3
and Figure 3).

Risk for major cancer outcomes

In a primary analysis restricted to the age group 50-59 years,
results in the NHS and WHI were similar for breast cancer, colo-
rectal cancer, total cancer, and cancer deaths for users of both
CEE alone and for CEE+MPA. However, in the broader age
range of 50-79 years, the hazard ratios for HT use and cancer
outcomes were largely discordant between the NHS and WHI,
primarily reflecting differences in the underlying age structure
for HT initiation.

Am J Epidemiol. 2017;186(6):696—708

Risk for other major health outcomes and all-cause
mortality

In both the overall study population and the age group 50-59
years, current HT users of CEE alone or CEE+MPA had a
lower risk of type 2 diabetes and hip fracture in both the NHS
and WHI. For the association between CEE alone or CEE+MPA
use and all-cause mortality, results tended to be more favorable
for women aged 50-59 years than for the broader age group in
both studies.

DISCUSSION

We present observational analyses from the NHS to simulate
the inclusion and exclusion criteria and dose and formulation of
HT used in the WHI trials. When analyses were conducted in
the broader age range of 50-79 years, results were discordant
for total MI and for several other outcomes. However, much



700 Bhupathiraju et al.

senuniuoa ajqeL

120 080 sAieuaboisley-o
6L°L‘€E0 1.0 991G 1€ 0S.'ey Ge $0'2‘2€0 080 62y L 8 00S‘cH (0] IHM
9S°L ‘¥S°0 160 S6v'LE Ll 25.'80'Y G6S LL'1'69°0 060 /86°G9 ovl 88106 €9¢ JSHN

;Qmm> 65—-0S

880 260 shieuaboisley-o
S¥'1'9L°0 SO’k seL'ey 6L 19991 0L LE'LLL0 00'} 986°'/¢€ 60} L29'se cll IHM
0,1 ‘650 00’} €8°LE L CI7AVANC] G99 2e’L'6L°0 c0't S¥5‘99 [44" Geo'‘6e’t 6€€ JSHN

-Sieak 6,-0G
Syreap JeinoseAoipe)

9.0 160 shieuaboisley-o
LL'Y‘68°0 G0'c ¥9€91 81 00091 8 SL'€'€9°0 es’t 0002t cl €eeel 8 IHM
'y '9LL 08¢ 68989 6v ¥61°G0‘E 96 ¥¥'2'6L°0 6g’t G56°0L 6€ 86185 Gc JSHN

Steah 6G-05

00 190 shieuaboisloy-o
182'9E’L 86° £ee'sy /8 955'GY 84 S0'2 ‘680 jeion evLLE s 000°6€ 6€ IHM
95°€'sS’L gee £€9€'8L S L2v'69'e Shi €92°L6°0 69} 18S'6L 0S Se8'vL 8 JSHN

-Sieak 6,—0G
wsljoqua Areuow|nd

Ly'0 ¥8°0 shieusboisley-o
282180 LS €eeLl 92 00091 9l G8'L ‘€S0 66°0 G/8LL 61 foietow A ¥4 IHM
8€'L°LL0 €0’} Liv'89 /8 eLy'en’e Sly 8¢’ ‘€80 L0°} 6¥€0L g9t oY 1‘8S 6} JSHN

;Qmm\» 65—0S
2e0 (o]0} sAHauabolaloy-o
9L L L0} LE7} 28L'sy 651 VAR 414 601 0L L°L0°} 1o 966°/€ 691 Geeg'8e ocl IHM
2r'1 ‘980 oLt /Lv0'8L el 18¥°29°¢ €cS S¥'1'06°0 vEL 98'8L a6} LO0V'vL oS}t ;SHN
+SIeak 6/—0G
aouns

610 10 sAHauaboleloy-o
G§e'e'LL0 ce’t v.v'6€ <74 000°8€ pAs] 00'L‘LE0 G50 evLgL L 00¥‘2L 8 IHM
90°1L ‘'95°0 1.0 96189 S9 8€1'20‘e 1eS 20’} ‘850 1270 26v°0L 601 0vL'LS el JSHN

,S1eahk 6G-05

200 (o] 1] ghieusBoisioy-o
951 ‘'86°0 A" 000°9S 961 828'vS 651 b2'L 620 1670 €L2'LE Y9l 1444 5748 IHM
€1'1'99°0 980 669°2L 98 €86'G9‘E 819 §6°0°25°0 €20 G688 21 G/8°'€L 6.1 JSHN

+SIeak 6/—0G
UoIljoIBJUI [BIPIEO0AW B0 |
Ssieap-uosiad sase) Jo 'ON Sieap-uosiad sase) Jo 'ON SIea\-uosiad sase) Jo 'ON SIeap-uosiad sase) Jo "'ON
10 %56 HH 10 %56 HH Apmis pue ‘dnoun aby ‘ewoainQ
pVdIN+330 Waun) ,00398|d/IoASN 4330 Waun) 200998|d/19AaN

S8JE]S paluN ‘(G 1) sfeu ] Adelay] suowlIoH oAl

Yl[eaH S.UsWop

8} Jo 8seyd uonuaalu| 8y} ul pue (2002—086 1) ApniS yieaH sasinN 8y} ul uswop) [esnedouawisod Buowy sawoonQ yijeaH pue asn Adelay| auowloH usamiag UONBIOoSSY  "g d|gel

Am J Epidemiol. 2017;186(6):696—708



Hormone Therapy and Chronic Disease Risk 701

sanuniuod ajqeL

120 2e0 shHouabolaley-o
€C°L'8€0 120 0000 0L 6271 2L 6EL'EY0  LL0 00S'2H 0z 18E2k 9z IHM
01280 60 0Lv'LE o €€80'Y G5Ok 2,060 650 2069 gee 668'68 feiele ,SHN

,Sreah 66-05
€0 900 ghHouabolaley-o
gy ‘980 Ot 00S'L¥ €el 00%'v¥ b 2T L'SL0 960 281'8e 9zl 1258 Gel IHM
¥ZL'690 680 808'LE Ly 60E'LL'S 89L°L /80650 2,0 6599 Gee 26262t 0.9 ,SHN
.Sieak 6/-0G
;Sylesp JsoueQ
€60 $2°0 sAleusbolsioy-o
8L'z'6c0 60 00S'Zt L 0009+ 8 L9000 120 158°2h 6 000°€H €l IHM
LS00 920 00.'89 61 929'90‘¢ €l 260'2r0 290 60€'LL 0S 0£0°65 98 ,SHN
,Sreah 66-05
8L'0 S0°0 ghHeuabolsley-o
68°0°cy'0 290 0000 0S 8LL'YY SL YO L1180 G Gee'se 59 199'8€ 85 IHM
GL'L'6G0 280 Sve'8L 19 vre'LL'e A% 96'0°LF0 290 9886/ 85 Lob'SL 56 ,SHN
.Sieak 6,-0G
J1@dued |ejoal0|0)

180 8€°0 ghuouabolsley-o
08'L180 etk £99'91 S5 955G 44 ¥EL0S0 280 €80'CH 62 riv'eh 9e IHM
L8092t G0S'89 06€ Ges'L6'C 160°} €2°1°€80 1Ok erLLL 8ze 987'9G 8le wSHN

,Sieak 65-05
9e'0 200 ghHeuabolaley-o
ESLIOL el L06°'LY 902 982'vv GS1 20190 60 evL'le Y0l 12588 Gel IHM
YoLve L evL LyL'8L 14 2€e6°'19'e 0LL‘L 2EL160  ObL vLL'6L 09¢ G6.°2L 8ve 4SHN
+Sieak 6,—0G
ladued jsealq aAISeAU|

20 2L0 sAlleusboleley-o
€21°9L0  L60 a4 L9e y1e'se Lee 611990 680 2LE'LL S8 gsLer 96 IHM
STLTOL  ELL 220',9 9L 9/2'16'C 9g8°'c 960'PL0  ¥80 G62'89 SS9 0vS'1S 185 ,SHN

,Sieak 65-05

S0'0 S6°0 shHeusbolsley-o
SLLL60 20k 180°LY 865 06L°ch €S L0L180 €60 9099 66€ 9ev'Le 8eY IHM
0€L‘80°k 641 18€'9L G506 06.'7S‘E eeL'e 90'L‘€80  ¥6°0 Oby'9L veL LS129 9€9 SHN

-Sieak 6,—0G
[sedA} seoued ||y
Sleaj-uosiad sase) Jo 'ON sleaj-uosiad sase) Jo 'ON Sleaj-uosiad sase) Jo 'ON Sleaj-uosiad sase) Jo 'ON
10 %56 HH 10 %56 HH Apnis pue ‘dnouy aby ‘awoainQ
pVdIN+330uand L,003%e|d/19AaN o330uauN) L00d%e|d/19AaN

penunuoy  "golqeL

Am J Epidemiol. 2017;186(6):696—708



702 Bhupathiraju et al.

‘sieak 6G—0G dnoub abe ay) ul [HAA 8} Ul S8SEBD Jama} 10 G a1em alay) asneoaq sieah 6,—-0G dnob abe ayj Joy Ajuo pajusesaid ale s)nsay ,
"siew} Adesay suowioy |HA dU3 Ul papodal-jes sem sejeqelq
'910A0
snoiaid ays ur weifowuwew pue ‘esessip jsealq ubluag jo Aioisiy ‘(snonupuod) g| abe Je xepul ssew Apoq ‘yuiq isil Je ebe ‘Ayred ‘(snonunuod) wybiey snid (3) s1oujooy ul se|gqereA 8y} O |[e 1o} palsnipe sjepow 8y
*JOOUED UIYS BWIOUB|SWUOU SBPN[OXT
‘a|geleA ainsodxe ay} Sem asn | H auljaseq ‘aseasip pasoubelp 0} anp Alijesned-asianal ploAe 0} ‘sjuiodpus Ajjepow jje Jo4 _
'sleak gG—0G sebe ay} usamiag alom pue [esnedouswisod sweoaq Aay} Se pa||oJud 81om USWOAN ‘766 | PUB 086 | Usamiad sem sisAjeue ayy ol Anug ;
‘(1€) pare] pue ueluowisiaq Aq pesodoid Aysusbolalay 10} 1s8) () 8y} Woly paLep sem Ajlsuabolsiay Jo) o g
*(sypuow uf) 8sn YdIN-+33D JO UoieINp pUe ‘(sypuow ur) asn 339 Jo uoneanp ‘(ou/sak) Jaoued jo Aioisiy [ejuaied ‘(ou/sak) uonouejul eipsecoAw Apes jo Aioisiy [ejualed
‘(snonunuod) asnedousw je abe ‘(awooino ue se sajagelp 1deoxa sjapouwl |[e ‘ou/sak) snyjjaw salagelp g adAl Jo Aioisiy ‘(ou/sak) elwsjosalsajoyosadAy Jo Aloisiy ‘(ou/sah) ainssaid poojq ybiy jo Aioisiy ‘(ou/sah) yuow
/Rep | yses) Je 1o} 8sn uuidse (0¥< ‘6'66-S€ ‘6'¥E—0E ‘6'62—L2 '6'9¢—S¢ ‘6 ¥2—€2 ‘622—1T ‘1> ‘;(w) Wbiay/(6¥) blem) xapul ssew Apoq (L2 '6'92-81 ‘6'L1—6 ‘6'8—€ ‘€> Moamysinoy- 1 JN) Auanoe [eaishud (1<
6V 1-01 ‘6'6—G ‘6 v—1"0 ‘0 :Aep/B) el joyodje ‘(Aep/seneieblo yg< Juaind ‘Aep/seneiedio yg—G | juaund ‘Aep/senalebio 1 —| Juaund ‘sed ‘Jansu) snels Bunjows ‘awi Jepusied ‘abe 1oy paisnipe sjepow ay] ,
‘sieak 6/—05 sebe ay) usamiaq aiem pue [esnedouswisod swessq Asy)) S PaJ|0IUS 818M USWOAN '¥66 | PUB 086 | Usamlag sem sisAjeue ayj ojul Anug
‘(G1) snuain
JOBJUI UB UM UBWIOM 10} YN JO Aep/Bw G2 pue 330 Jo Aep/Bw G29°0 1om sabesop au} ‘(e YdIN+I 3D IHM SUl U] "SHN U} Ul SnIsin Joejul ue yim uswom Buowe asn (Aep/Bw 01>) vdIN snid (Aep/Bui G29'0) 330,
‘(S 1) 1ew YdIN+330 IHM @ui ut dnoib ogadeld ay) 0} paziwopues asoy} pue SHN 8y} Ul SnJain Joejul Ue YIm | H JO Ss1ash Jaaau papnjoul dnoib uosuedwod ay]
“AwojosisisAy e Jusmispun oym uswom Buowe asn (Aep/Bw 29°0) 330 4
*(G1) [ewy suoje-339 |HM @y} ut dnoib ogade|d sy} 0} paziwopues asouy) pue SHN U Ul Awo}oa1a)sAy e Jusmiapun oym | H JO S1asn Jaaau papnjoul dnosb uosuedwod ay .
"SAEINU| UHESH S USWOM ‘|HM ‘Apmis
yieaH sasInN ‘SHN ‘elelaoe auoialsaboidAxoipaw ‘YdIA YSel Jo siuseainba oljogelaw ‘| J\ ‘Adelay) auowioy ‘] H ‘ones plezey ‘YH {[eAdiul 9duspluod ‘|9 ‘suabolisa auinba payebnfuod ‘339 :suoneiraiqqy

120 260 sAleusboleley-o
YOL'EF0 290 29991 Ge ¥8¥'GlL 8t 60°L9F0 0.0 690°21 Ge 005°21 0S IHM
01890 980 €ev'LE ¥8 G2S'L0'Yy ovi'e 60090 690 €9'69 28y GS7'68 zro'L ,SHN

,Steah 66-05

96'0 €00 pABUBBOIBIBY-o
9L 180 60 120'8v 0se 906'rt 8ee 12’1880 €0} 8E5°1E'C L0E 892Gt 662 IHM
gTL'9L0 960 gLL'le S8 gLe9L's 18€'2 €6°0°2L0 280 G2e'99 68Y 0€2'82°k 262t ,SHN

oSieak 6,-0G
JAurenow esneo-||y

920 .0 sAHausboleloy-o
S6°0 ‘L0 190 28lL'sy €S 8LL'YvY 7 96°0 ‘9F'0 190 0009 8 01L9'6 Y. IHM
¥,°0°L€0 2s0 9018 14 959°0L'¢ €8 98°0 ‘S0 €90 ¥69'6L G8 26%'GL [Ko]% JSHN

.Sieak 6/-0G
weinoeyy diy

100 500 shieuaboisloy-o
60°L ‘990 G8°0 9v6'GlL 8L 90.LvL et 0L ‘290 €80 916°0} evl L0k 1743 IHM
L2°0‘8¥°0 850 888'179 691 886'GLC |ZA A" L2050 790 [Rofegele] 144 2S1°0s 8cy JSHN
,S1eak 65-05
200 1L00°0 shieuaboisley-o
¥6°0 ‘040 180 95G'Sy 8ce 98€'ey €.€ 86°0 920 980 £0S'€€ (944 000'v€ 1eS JIHM
G.0°'€S0 €90 0L9€L 90¢ 199°Ge'e 189} €.°0°€S°0 290 44572 9/¢ 69979 809 JSHN
-Sieak 6,—0G
sejeqelq
SIeaA-uosiad sase) Jo 'ON SIEdA-UOSIad sase) Jo 'ON SIEdA-Uuosiad sase) Jo 'ON SIedA-Uuosliad sase) Jo 'ON
10 %56 HH 10 %56 HH Apnis pue ‘dnoun by ‘ewoanQ
pVdIN+33D Wauny ,0q@oe|d/IanaN o330 WBun) 0qeoe|d/IanaN

penujuoy  "golqeL

Am J Epidemiol. 2017;186(6):696—708



Hormone Therapy and Chronic Disease Risk 703

A)
Outcome HR (95% CI)
— 1.35 (1.07, 1.70)
Stroke
i 1.14 (0.90, 1.45)
L d 1.35(0.89, 2.05)
Pulmonary embolism
< 1.59 (0.97, 2.63)
— 1.00 (0.77, 1.31)
Cardiovascular deaths
— 1.02 (0.79, 1.32)
—m- 0.93 (0.81, 1.07)
All cancer types
—H 0.94 (0.83, 1.06)
—— 0.79 (0.61, 1.02)
Invasive breast cancer
—— 1.10 (0.91, 1.32)
i 0.86 (0.76, 0.98)
Diabetes
—— 0.62 (0.53, 0.73)
—a— 0.67 (0.46, 0.96)
Hip fracture
—— 0.63 (0.45, 0.86)
0.0 0.5 1.0 1.5 2.0 25 3.0
HR
B)
Outcome HR (95% Cl)
—— 0.55 (0.31, 1.00)
Total Ml
—— 0.77 (0.58, 1.02)
Strok L d 0.99 (0.53, 1.85)
roke — 1.07 (0.83, 1.38)
) » 1.53 (0.63, 3.75)
Pulmonary embolism
* i 1.39 (0.79, 2.44)
) ] | 0.80 (0.32, 2.04)
Cardiovascular deaths
——— 0.90 (0.69, 1.17)
—a— 0.89 (0.66, 1.19)
All cancer types
—o— 0.84 (0.74, 0.96)
) — . 0.82(0.50, 1.34)
Invasive breast cancer
—— 1.01 (0.83, 1.23)
m 0.71(0.30, 1.67)
Colorectal cancer
——i 0.62 (0.42, 0.92)
— 0.77 (0.43, 1.39)
Cancer deaths
—o—i 0.59 (0.49, 0.72)
. —m—H 0.83 (0.67, 1.04)
Diabetes
——i 0.64 (0.54, 0.77)
) — ., 0.70 (0.46, 1.09)
All cause mortality
—o— 0.69 (0.60, 0.79)
0.0 0.5 1.0 1.5 2.0 25 3.0
HR

Figure 1. Association between hormone therapy use (oral conjugated equine estrogens (CEE) (0.625 mg/day)) and health outcomes among
postmenopausal women who underwent a hysterectomy, in the Nurses’ Health Study (1980-2002) (diamonds) and in the intervention phase of the
Women’s Health Initiative (WHI) (squares) CEE-alone trial (1) among participants aged 50-79 years (A) and aged 50-59 years (B) at entry into
analysis. All NHS models adjusted for age, calendar time, smoking status, alcohol intake, physical activity, body mass index, aspirin use of at least
1 day/month, history of high blood pressure, history of hypercholesterolemia, history of type 2 diabetes mellitus (all models except diabetes as an
outcome), age at menopause, parental history of early myocardial infarction (Ml), parental history of cancer, duration of CEE use, and duration of
CEE plus medroxyprogesterone acetate (MPA) use. Breast cancer models additionally adjusted for height, parity, age at first birth, body mass
index at age 18, history of benign breast disease, and mammogram in the previous cycle. Results for total MI, colorectal cancer, cancer deaths,
and all-cause mortality are not reported for the age group 50—79 years because a significant interaction by age was reported in the intervention
phase of the WHI (1). Hip fracture results are shown only for the 50-79 years group because there were fewer than 5 cases in the WHI in the 50-59
years group (1). Cl, confidence interval; HR, hazard ratio.
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Figure 2. Association between hormone therapy use (oral conjugated equine estrogens (CEE) (0.625 mg/day) plus medroxyprogesterone ace-
tate (MPA) (<10 mg/day)) and health outcomes among postmenopausal women with an intact uterus, in the Nurses’ Health Study (1980-2002)
(diamonds) and in the intervention phase of the Women’s Health Initiative (WHI) (squares) CEE+MPA trials (1) among participants aged 50-79
years (A) and 50-59 years (B) at entry into analysis. All NHS models adjusted for age, calendar time, smoking status, alcohol intake, body mass
index, aspirin use of at least 1 day/month, history of high blood pressure, history of hypercholesterolemia, history of type 2 diabetes mellitus (all
models except diabetes as an outcome), age at menopause, parental history of early myocardial infarction (Ml), parental history of cancer, duration
of CEE use, and duration of CEE+MPA use. Breast cancer models additionally adjusted for height, parity, age at first birth, body mass index at age
18, history of benign breast disease, and mammogram in the previous cycle. Hip fracture results are shown only for the 50-79 years group because

there were fewer than 5 cases in the WHI in the 50-59 years group (1). Cl, confidence interval; HR, hazard ratio.
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Table 3. Association Between Hormone Therapy Use and Total Myocardial Infarction Among Postmenopausal Women Aged 5079 Years at
Entry Into Analysis® and Those Who Were Less Than 10 Years Post Menopause Onset in the Nurses’ Health Study (1980-2002) and in the
Intervention Phase of Women’s Health Initiative Hormone Therapy Trials (15), United States

Never/Placebo® Current CEE® Never/Placebo® Current CEE+MPA®
Study No. of Person- No. of Person- HR 95% Cl No. of Person- No. of Person- HR 95% Cl
Cases Years Cases Years Cases Years Cases Years
NHS' 151 66,475 104 70,823 0.71 0.53,0.94 574 3,47,680 86 76,204 0.89 0.68,1.18
WHI 13 13,000 6 2,727 0.46 0.18,1.22 30 16,667 24 24,000 0.91 0.54,1.52
P-heterogeneity? 0.16 0.94

Abbreviations: CEE, conjugated equine estrogens; Cl, confidence interval; HR, hazard ratio; HT, hormone therapy; MET, metabolic equivalents
of task; MPA, medroxyprogesterone acetate; NHS, Nurses’ Health Study; WHI, Women'’s Health Initiative.

2 Entry into analysis was between 1980 and 1994. Women were enrolled as they became postmenopausal and were between the ages 50-79 years.

® The comparison group included never users of HT in the NHS and those randomized to the placebo group in the WHI hormone therapy CEE-
alone trial (15).

° CEE (0.625 mg/day) use among women who underwent a hysterectomy.

9 The comparison group included never users of HT with an intact uterus in the NHS and those randomized to the placebo group in the WHI CEE+
MPA trial (15).

¢ CEE (0.625 mg/day) plus MPA (<10 mg/day) use among women with an intact uterus in the NHS. In the WHI trial, the dosages were 0.625 mg/day
of CEE and 2.5 mg/day of MPA for women with an intact uterus.

f The models adjusted for age, calendar time, smoking status (never, past, current 1-14 cigarettes/day, current 1524 cigarettes/day, current
>24 cigarettes/day), alcohol intake (g/day: 0, 0.1-4.9, 5-9.9, 10-14.9, >15), physical activity (MET-hours/week: <3, 3-8.9, 9-17.9, 18-26.9, >27),
body mass index (weight (kg)/height (m)?; <21, 21-22.9, 23-24.9, 25-26.9, 27-29.9, 30-34.9, 35-39.9, >40), aspirin use for at least 1 day/month
(yes/no), history of high blood pressure (yes/no), history of hypercholesterolemia (yes/no), history of type 2 diabetes mellitus (yes/no; all models
except diabetes as an outcome), age at menopause (continuous), parental history of early myocardial infarction (yes/no), parental history of cancer

(yes/no), duration of CEE use (in months), and duration of CEE+MPA use (in months).
9 P for heterogeneity was derived from the Q test for heterogeneity proposed by DerSimonian and Laird (31).

of the apparent discordance in the WHI versus NHS findings
disappeared when we restricted our analyses to the ages of
50-59 years at HT initiation, the age range when more than

HT Type HR (95% CI
. ! 0.91(0.54, 1.52)
CEE+MPA
———— 0.89 (0.68, 1.18)
0 0.46 (0.18, 1.22)
CEE
—— 0.71(0.53, 0.94)
0.0 0.5 1.0 15 2.0
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Figure 3. Association between hormone therapy (HT) use and total
myocardial infarction among postmenopausal women, aged 50-79
years at entry into analysis and less than 10 years since onset of men-
opause, in the Nurses’ Health Study (1980-2002) (diamonds) and in
the intervention phase of the Women’s Health Initiative (squares) HT
trials (1). AllNHS outcomes were adjusted for age, calendar time, smok-
ing status, alcohol intake, body mass index, aspirin use of at least
1 day/month, history of high blood pressure, history of hypercholester-
olemia, history of type 2 diabetes mellitus, age at menopause, parental
history of early myocardial infarction, parental history of cancer, duration
of oral conjugated equine estrogens (CEE) use, and duration of CEE
plus medroxyprogesterone acetate (MPA) use. Cl, confidence interval;
HR, hazard ratio.
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60% of women initiated HT use in the NHS. Still, in this
group, among women using CEE4+MPA, the hazard ratio for
total MI was in the direction of risk reduction in the NHS and
risk elevation in the WHI. However, when we stratified our
analyses by time since onset of menopause rather than age, re-
sults were concordant between the 2 studies, with hazard ratios
for women close to menopause onset below 1.0 in both studies.
The discordance between observational studies and ran-
domized clinical trials of HT on chronic disease risk has raised
questions about the validity and credibility of evidence from
observational studies (32-35). As was highlighted in the recent
reanalysis and extended follow-up of the WHI (15) and in our
current analysis, 2 key factors that can account for these discre-
pancies are age and time since onset of menopause at HT ini-
tiation. Women who initiated HT in the NHS were generally
younger than age 55 years and within 2-3 years of menopause
onset. Conversely, women in the WHI had an average age of
63 at screening, and most (64%—82%) were more than 10 years
past menopause onset. The role of age and time since meno-
pause onset in modifying the effect of HT on chronic disease,
particularly cardiovascular disease, may have biological under-
pinnings. This phenomenon, referred to as the “timing hypothe-
sis,” postulates that estrogen has a differential effect on vascular
and inflammatory cell biology during the early and late stages of
atherosclerosis progression. During the nascent stages of vascu-
lar disease (as seen in younger women or in early stages of men-
opause), estrogen therapy can improve or reverse endothelial
dysfunction and slow progression of atherosclerosis (36-39).
However, in advanced atherosclerotic lesions, often seen in
older women, delayed initiation of HT may exacerbate inflam-
mation, precipitate rupture of vulnerable plaques, and promote
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thrombo-occlusive events (36, 37). Supporting evidence for
the timing hypothesis derives from studies in monkeys (40),
mice (41), and ovariectomized rabbits (42—44), where early
compared with delayed administration of 17-f estradiol had dif-
ferential effects on atherosclerosis progression. Recent
data from the Early Versus Late Intervention Trial with Estra-
diol (ELITE) trial demonstrated that oral estradiol therapy
was associated with less progression of subclinical athero-
sclerosis than was placebo when such therapy was initiated
within 6 years of menopause but not later (>10 years). Still,
there were no differences in coronary artery disease, assessed by
coronary artery stenosis, after 5 years of therapy (45). Although
we did not have sufficient power to examine the effects of HT
on risk of MI in women who initiated HT many years after men-
opause (>20 years), the most recent WHI report indicates a
higher risk of total MI (HR = 1.99, 95% CI: 1.32, 3.02) among
users of CEE4+MPA in this group (15).

Although differences in age and time since menopause at
HT initiation seem to account for most of the apparent discre-
pancies in the findings of the WHI HT trials and NHS obser-
vational studies, other key design issues remain. For example,
in a previous NHS report that included women with prevalent
coronary disease, HT was still associated with a lower risk
of CHD among women who initiated HT within 4 years of
menopause (for CEE, HR = 0.62, 95% CI: 0.52, 0.76; for
CEE+MPA, HR = 0.71, 95% CI: 0.56, 0.89) (46). However,
the younger age at initiation of HT, and the inclusion of a vari-
ety of HT regimens and doses in these analyses, may explain
discrepancies with WHI. Contrary to our current findings of a
null association between HT and stroke among women aged
50-59 years, a previous NHS report in the same age group
documented a significant elevation in risk of stroke among
CEE users (HR = 1.58, 95% CI: 1.06, 2.37) (47). However,
this report did not restrict analyses to women aged 50-79 years,
and the reference group included never users, irrespective of
their hysterectomy status. In both NHS and WHI, CEE+MPA
use was associated with a higher risk of invasive breast cancer,
but the hazard ratio was slightly higher in NHS than in WHIL.
Although we attempted to adjust for mammographic screening
differences, residual confounding by differential screening rates
in users and nonusers of HT remains possible.

Our findings need to be interpreted in the context of a few
limitations. First, given the observational nature of our analy-
sis, residual and unknown confounding remain a possibility.
Still, we carefully selected our confounders based on prior
knowledge of established risk factors. We also noted that age-
adjusted estimates for MI and invasive breast cancer were
attenuated by 13%-31% upon adjustment for confounders,
raising the possibility of further attenuation with more precise
measures of the confounders rather than self-report. However,
all questionnaires used to capture these data were previously
validated in our cohort (29, 48, 49). Further, we believe that
the high educational status of our cohort participants and their
knowledge of health allow them to provide reliable information
on the questionnaires and minimize confounding by socioeco-
nomic status. Second, due to the typical use of HT, we did not
have statistical power to examine the potential influence of
beginning HT on chronic disease at older ages or at increasingly
longer intervals since menopause. Nonetheless, results from a

previous NHS report indicate that, as observed in WHI, continu-
ous estrogen/progestin therapy may not have cardiovascular
benefits in women aged >60 years or who are >10 years beyond
menopause onset (50). In another reanalysis of the NHS data, a
significant trend of higher risk of CHD with increasing time
since menopause (P-trend = 0.04) was documented (46). Finally,
because HT use was measured only every 2 years, we could
not assess the acute effects of HT use on chronic disease, par-
ticularly MI risk (9). However, our prior sensitivity analysis
showed that cases occurring among women initiating HT use
within a 2-year interval would not have appreciably influenced
our findings (46).

In summary, our findings suggest that the discrepancies
between the WHI and NHS could largely be ascribed to differ-
ences in timing of HT initiation in relation to age or onset of men-
opause. This is important because HT continues to be endorsed
by numerous professional organizations for the management of
moderate to severe vasomotor symptoms, which are most preva-
lent in early menopause (51-54). Among women aged 50-59
years, the lower risk of mortality with CEE use warrants further
examination. Still, given the complex pattern of risks and benefits
associated with HT, current findings do not support its use for
chronic disease prevention.
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